
1.Introduction

Calibration observation (geomagneticabsolute

observation)takesplaceatafrequencyofabout

once a week. This observation is used for

“calibration ofthe base ofcontinuousmeasure-
ment value” due to continuous geomagnetic

variationobservationinstruments(fluxgatemagne-

tometer,protonmagnetometer,Overhausermagne-

tometer, and others, collectively called the

variation observation equipmenthereinafter)and

observationpoints.Thatis,thebaselinevalueof

thevariationobservationequipmentisdetermined

atthis occasion (so itis called the adopted

observation baseline value).Where no observed

baselinevalueisavailable,thebaselinevalueis

foundbyinterpolationbetweenavailableobserved

baselinevaluesinconsiderationofthefluctuations

ofinstallationconditionsofthevariationobserva-

tionequipment(detectortemperatureanddetec-

tionlevelfluctuationsandoccurrenceofartificial

disturbances).

Themagneticfieldintensityanddirectionat

an arbitrary time can be found by adding the

baseline value to the observed variation value.

This means thatthe accuracy ofgeomagnetic

absolute observation affects the exactness or

reliabilityofthepublishedvalues.

Thebasicelementsofgeomagneticabsolute

measurementattheKakiokaMagneticObserva-

toryaredeclination(D)andinclination(I)byDI-

72Typetheodoliteandthetotalmagneticforce(F)

bytheMO-PK protonmagnetometer.Considering

that the other force components (horizontal

componentH andverticalcomponentZ)canbe

foundbycalculationandcombinationofthebasic

elements,itisdesirablethatthebasicelements

haveaboutthesameobservationaccuracy.

Themeasuredvaluesseem tolackdirectional

accuracy(declinationaccuracyinparticular)com-

paredtomagneticfieldintensity(F).Thisarticle

reportsinvestigationresultsabouttheaccuracyof

absolutedeclinationmeasurementandproposesa

techniquetoimprovethemeasurementaccuracy.
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Summary

FortheobservationofmagneticdeclinationandinclinationatKakioka,aDI-72Type
theodoliteinstrumentisused.Consolidatingandsummarizingthosemeasurementsresulted
inpoorerobservationaccuracyfordeclinationthanforinclination.Weascribedthistopoor
azimuthmarkobservationaccuracyandreviewedthemeasurementsanewfrom thispoint
ofview.Asaresult,itwasconfirmedasexpectedthatthepooraccuracyofthe
declinationmeasurementisattributabletothepooraccuracyofazimuthmarkobservation.

Based on this result,we proposed increasing the number ofazimuth mark
measurementstoimprovetheazimuthmarkobservationaccuracyinroutinegeomagnetic
absoluteobservation.Atthesametime,theeffectsofincreasingtheobservationtimeand
usingdifferentazimuthmarkswereexamined.Asaresult,itwasfoundthataccuracy
improvementcanbeexpectedfrom thesemeasuresinazimuthmarkobservationand,
consequently,indeclinationobservationwithoutimposingaheavyburden.



2.Variance of declination and inclination

baselinevalue

For the fluxgate magnetometer 90FM at

Kakioka,the baseline valuesofdeclination (the

anglecalculatedfrom themagneticfieldintensity

measuredbya90FM detector(H)directedtothe

magneticnorthandanotherdetectorplacedina

perpendiculardirectioninahorizontalplane)and

inclination (the angle calculated from F by the

OverhausermagnetometerandH bythe90FM)

are plotted in Fig.1.In this figure,abscissa

denotesthenumberofdaysstartingonApril1,

2001 and ordinate denotes the magnitude of

baselinevaluefluctuations.

Bothbaselinevaluesfluctuateslowlywitha

constantamplitude.Thatis,a slow fluctuation

occurswithaperiodofabout3monthsandan

amplitude of0.1 to 0.2 minutes (equalto 10

secondsofarc)andthisisa“fluctuationdueto
the fluctuating measured values”that can be

accounted forby the levelfluctuations ofthe

90FM detector(levelfluctuationofthedetector

mount)and the temperature fluctuationsofthe

detector.

“Thefluctuationwithashortperiod”seems
tohavean amplitudeof5seconds(D)and3

seconds(I)andcannotbeaccountedforbythe

temperatureandlevelfluctuationsofthe90FM

detector.There is a similarmovementin the

baselinevaluesoftheOverhausermagnetometer

obtained using the same absolute observation

values.From these situations,the variance of

observationvaluesseeninFig.1canbejudgedto

beattributabletotheabsoluteobservationvalues.

ByallowingtheplotofDandIbaselinevaluesto

berepresentedbyonesmoothcurveandplotting

theresidueaftersubtractingthecurve'sordinate

from eachvalue,oneobtainsdD(X-marks)anddI

(circlemarks)inthefigure(tomakethegraph

prominent,actualdDanddIaremagnified5times).

ThestandarddeviationofdeclinationD and

inclinationIisfoundtobeD:0.023’andI:0.015’,
thatis,declination D islarger,albeitslightly,

than inclination I.Incidentally,as a cause for

accuracydegradationduetoabsoluteobservation

values,severalfactorsareplausible.Forexample,

errorsoccurwhensearchingforthemagneticfield

direction (with atheodolite,zerooutputofthe

searchcoilisdetectedonasynchroscope),reading

the scale plate ofthe magnetictheodolite,and

correctingthetiltofthemagnetictheodolitelevel.

Theseerrorsarecontainedinthedeclinationand

inclinationinaboutthesameamount.

For the measurementofdeclination,itis

indispensabletoprojectthegeometricalnorthonto

themagnetictheodolitescale.Thiscanbefound

by observing the azimuth mark (the deviation

from thetruenorthisdeterminedbeforehandby

Polarisobservation).Iftheobservationaccuracyof

thegeometricalnorthispoor,theaccuracyofthe

observeddeclinationvalues(baselinevalueofthe

declination componentofcontinuous observation

values)becomespoor.

For absolute observation at Kakioka, the

installation conditionsofthemagnetictheodolite

are not usually altered for several months.

Because the positional relations between the

azimuth mark and magnetic theodolite do not

changeasamatterofcourse,thereadingofthe

azimuth mark on the magnetictheodolite scale

shouldnotchange.However,actualmeasurements

dochange.Takingthissurveyasanexample,a

differenceof0.1minutesofarc(6seconds)occurs

forabout3months.Forthisdata,therelationship

between declination baseline value and azimuth

markreadingisasshowninFig.2.Thereseems

tobeacorrelationbetweenthetwo(correlation

coefficient0.6).

From thedatainFigs.1and2,thevariations
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ofdeclinationbaselinevaluesarelargerthanthe

inclinationbaselinevalueanditisinferredthat

the true north determination accuracy (azimuth

markreadingaccuracy)isrelatedtothisinsome

way.Comparedtothebaselinevaluesofhorizontal

forcecomponent(H)andverticalforcecomponent

(Z)foundfrom theobservedinclinationbaseline

values in combination with the totalmagnetic

forcevalue(F)ofaboutonedigithigheraccuracy

(allthe continuous observation instruments are

fluxgatemagnetometers),thevarianceofdeclina-

tionbaselinevaluesislarge,andthisistruenot

only atKakioka,butalso atotherobservation

points (Memanbetsu, Kanoya, Chichijima, and

Haraigawa)and obviousfrom the annually held

“TechnicalStudyMeetingStandingSubjectData.”
Itisinferredthatnotonlywiththeobservation

resultsby the DI-72 Type theodolite,butalso

with theobservation bytheFT Typemagnetic

theodolite,the declination observation accuracy

becomespoorbecauseoftheinfluenceofazimuth

markobservationaccuracy.

Underthe“RulesforCommissionedInspec-
tionofMeteorologicalInstrumentation”and“Rules
forInternalInspection ofMeteorologicalInstru-

ments atMeteorologicalAgencies,”the Kakioka
MagneticObservatoryisdesignatedasagovern-

mentalagency to inspectmagnetic theodolites,

magnetometersandotherinstruments.Theobserva-

tion fortheinspection andpass-faildecision is

performedbytheObservationSectionincharge.

Instruments ofthe accuracy discussed in this

articlearetreatedasMagneticTheodoliteclass1,

whoseborderlinebetweenpassandfailisatan

instrumentalerrorof0.2minutesofarc,sothe

observation accuracy in this article willnever

cause problems. For the internal inspection,

however,theinstrumentalerrorofamagnetome-

terusedattheHeadquartersinparticularandat

branches is determined against the Kakioka

Standard Instrument (DI-72 Type theodolite at

present)inunitsof0.01minutesofarc.Oneof

thedutiesofastandardobservatoryistosatisfy

thisaccuracy.

Of recent magnetic theodolites, FT type

magnetictheodolite(adeclinationandinclination

measuringinstrument,alsocalledaDImeter)is

prevalent and its observation results for the

inspection are shown in Fig.3.The seriesof

observed values connected by line segments

indicatetheinstrumentalerrorfrom theresultsof

an observation with the same instrumentand

duringthesameperiod(2or3daysingeneral).

Oneseriesofobservationsincludesatleast5and

atmost10observations,andoneobservationis

performedbythesameobserverandtakesabout

onehour.

Whatshouldbenotedinthisfigureisthe

variationamongtheobservedvaluesconnectedby

line segments. These observed values should

basicallytakethesamevalue.However,thefigure

indicatesavariationofabout0.1minutesofarcto

as large as about0.15 minutes ofarc.This

variationcannotberegardedasascribabletothe

continuous geomagnetic observation instruments
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(90FM and OHM)used for the correction of

geomagneticfluctuationwithtime.Thisisbecause

theperiodofoneseriesofobservationsendsin

twoorthreedays,solevelfluctuationsofthe

continuousobservationinstrumentorotherbaseline

valuefluctuatingfactorsarehardlyfeasibleunless

there isaheavy rain.The errorin observed

absolutevaluesispresumablythelargestfactor.

Compared to inclination (open circles in the

figure),the variation ofdeclination components

(blackdiamonds)islarge,andthisisinferredto

beattributabletothepoorazimuthmarkreading

accuracyaswiththeobservationbytheabove-

statedtheodolite.Incidentally,thestandarddevia-

tionofeachblockisasfollows:

Meanstandarddeviationofobserved

declinationvalues:0.036’,
Maximum standarddeviationofthe

same:0.05’
Meanstandarddeviationofobserved

inclinationvalues:0.026’,
Maximum standarddeviationofthe

same:0.03’

3.Accuracyofazimuthmarkreadvaluesand

observeddeclinationvalues

AtKakioka,absoluteobservationusingDI-72

Typetheodoliteisperformedatafrequencyof

once aweek orso.The time taken forone

absolute observation isabout3 hoursincluding

the calculation and consolidation of absolute

observationdataandthebaselinevaluecalculation

from fluctuating measured values.Excluding the

preparationbeforeanddataconsolidationafterthe

observation,thenetobservationtime(timewhile

operatingthetheodolite)isaboutahalf,or90

minutesorso.Ofthistime,about20minutesare

consumedwithazimuthmarkobservation.

Absolute declination observation consists of

observation tofindgeographicnorth bypeering

through thetelescope(calledtheazimuth mark

observation)andobservationtosearchformagnetic

northbyturningthesearchcoil(tentativelycalled

themagneticfieldazimuthobservationthoughit

isanuncommonterm).Inoneday,themagnetic

field direction observation takesplace 32 times

andtheazimuthmarkobservationtakesplace16

times to establish 8 baseline values.The 8

baseline values are divided into the firstand

secondhalvesandsharedbytwoobservers(that

is,oneobserverestablishes4baselinevalues).If

thereisnoobservationalerror,thefourbaseline

valuesshouldbethesame.Similarly,the16read

valuesobtainedbypeeringthroughthetelescope

shouldbethesame(becausethetelescopedoes

notlieatthecenterofthemagnetictheodolite,a

differenceofabout5secondsoccurswhenitis

turnedhorizontally;however,itisassumedthat

thishasbeencorrected).However,theydonot

takethesamevaluebutvary.Thevariationof

these two observation quantities is shown in

termsofstandarddeviationinFig.4.

One sees that,compared to the observed

magnetic field azimuth values, the observed

azimuth mark values have a large variation

(standarddeviation).Themeanstandarddeviation

is0.01’fortheobservedmagneticfieldazimuth
valuesand0.03’fortheobservedazimuthmark
values.Forbothmagneticfieldazimuthobserva-

tion andazimuth mark observation,thecurrent

technique isto letthe mean ofthe observed
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valuesofthatdayrepresenttheobservation(the

baselinevaluebasedontheobservedvaluesis

calledtheemployedobservedbaselinevalue).The

accuracy (95% confidence interval)is estimated

from thenumberofobservations,variationofthe

observed values and a t-distribution table,as

follows:

Forobservedmagneticfieldazimuthvalues:0.01’
andforobservedazimuthmarkvalues:0.02’

Because the observed absolute declination

value can be found as the simple difference

between magnetic azimuth and geographic azi-

muth,theaccuracyofazimuthmarkobservation,

whichispoorerinaccuracy,governstheaccuracy

ofthe observed absolute declination values.To

improvethedeclinationobservationaccuracy,the

firstpriorityistoimprovetheaccuracyofthe

observedazimuthmarkvalues.

Severalmethodsareplausibletoimprovethe

azimuth mark measurement.For example,one

methodistoimprovetheresolvingpowerofthe

telescopemountedonthemagnetictheodoliteby

increasingitsmagnificationfactor.Anotheroneis

tomaketheazimuthmarkmoreeasilyvisibleby

improvingitstarget,asattemptedatMemanbetsu.

Itisalsogoodtoeliminatetheaimingerrordue

to shimmer or other disturbances within the

visibility range by some means.Atany rate,

problemswillariseinexpendituresonremodeling

ofthe magnetic theodolite,azimuth mark and

otherinstruments.

Theeasiestandsimplestexecutablemethod

istoincreasethenumberoftimesofazimuth

markobservation(thenumberoftimesofpeering

attheazimuthmarkthroughthetelescope)and

thereby narrow the confidence intervalofthe

mean.Ifazimuthmarkobservationisperformed

32 times,ortwice the current16 times,the

confidence intervalof the mean willbecome

±0.01’.Itgoeswithoutsayingthatincreasingthe
numberofobservationsresultsinanincreasein

the required observation time. As the time

increment,thecurrent20minuteswillbesimply

added,andthenetobservationtimewillincrease

from 90minutesto110minutes.Intermsofthe

required time including data compiling,itonly

increases from 3 hours (180 minutes)to 200

minutes(11% increase).

However,consideringtheworkpattern,that

is,workstartsat8:30andtheboundaryofaday

oftheCoordinatedUniversalTimeisat9:00,an

increaseof20minutescannotbeneglected.There

isapossibilitythatpartofthedataconsolidation

is carried over into the work hours in the

afternoon and hinders the start ofinfrequent

“afternoonre-observation.”Nevertheless,increasing
thenumberofazimuthmarkobservationsleadsto

an accuracyimprovementofabsolutedeclination

observationand,consequently,declinationobserva-

tionsincluding those performed atan arbitrary

time.Thus,weproposethismeasure.

On the occasion ofan instrumentalerror

observation ofFT Typemagnetictheodolite,an

experimentwasattemptedtoimprovethedeclina-

tionobservationaccuracybydoublingthenumber

ofazimuthmarkobservations.Intheexperiment,

theusualnumberoftimesofreadingtheazimuth

mark was notsimply doubled,buta dummy

azimuthmarkismadeatthepositionabout180

metersnorth ofthe observation point(across

markdrawnonawallofthesecondfluctuation

observationinstrumentroom)andthereadvalues

ofthisazimuthmarkweresuperimposedonthe

usualazimuthmarkreadvalues.Resultsofthis

instrumentalerrorobservationareshowninFig.

5.D1(●)inthefigureindicatestheinstrumental
errorwhenonlytheusualazimuthmarkisused

and D2(□) indicates the instrumental error

obtainedadditionallyusingthereadvaluesofthe

dummy azimuth mark. The variation of the

AccuracyofGeomagneticAbsoluteObservationcausedbyAzimuthMarkReading ５
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declination instrumentalerrorobtained independ-

entlyby6observersissmallerforD2thanfor

D1.No difference was observed between the

instrumentalerrorcalculatedusingthereadvalues

ofthe usualazimuth mark only (and averaged

overthe6observers)andtheinstrumentalerror

calculatedusingthereadvaluesofthedummy

azimuth mark in addition (0.07’in both cases).
However,onewillseethatthevariationdecreased

andtheconfidenceintervalofthemeanbecame

narrowerby thatamount(usualazimuth mark

only:0.07±0.03’,dummyazimuthmarkaddition-
allyused:0.07±0.02’).

By another method, the significance of

increasingthenumberofobservedazimuthmark

valueswasinvestigated.Increasingthenumberof

observedvaluesresultsinimprovedaccuracy,and

converselythismeansthatdecreasingthenumber

of observed values will result in degraded

accuracy.Duringtheperiodofabout70daysfrom

March21toMay31,2001,absoluteobservation

wasperformed13timesandabaselinevaluewas

obtainedeachtime.Ofcourse,themeanof16

azimuthmarkobservationswasusedintheusual

manner.From thisobservationdata,half,oreight

observedazimuthmarkvalueswereextractedand

takenasasparsesetofobservedvalues,which

wasusedtofindthebaselineanew.

Duringthisperiod,therewasnorapidchange

in the baseline value due to detectorlevelor

detectortemperaturefluctuations;however,there

weretemperaturefluctuationsofabout2℃,which
wereaccompaniedbyaslow changeinbaseline

value.Thefluctuationsofthebaselinevaluedue

to the accuracy ofabsolute observation were

found by removing the slow change from the

baselinevaluesfoundbytheusualmethod(closed

circlesconnectedbylinesegments)andfrom the

baselinevaluesfoundanew from thehalfnumber

ofobservedazimuthmarkvalues(opencircles),as

showninFig.6.

Onewillseealargefluctuationamplitudeof

theopencirclescomparedtotheclosedcircles.

The fluctuation amplitude ofthe closed circles

(±0.03’)istheaccuracyoftheobservedabsolute
declinationvaluesthatwillbeobtainedusingthe

DI-72Typetheodoliteandbythecurrentlyused

method.Thissupportstheinferencethatdecreasing

the number ofobserved azimuth mark values

resultsinincreasedfluctuationsofbaselinevalue

and degraded accuracy of absolute declination

observation. As proposed in this article, the

accuracy ofobserved declination valueswillbe

improved if the number of azimuth mark

observationsisincreased.

4.Azimuthobservationwithdifferenttargets

Theazimuthmarkusedinthecomparative

calibrationroom wasinstalledinJanuary1997and

ithasatotalof4targetsonthesameconcrete

base.Oneisatargetavailableonthemarket(the

W3TypetargetplatemadebyAsahiSeimitsu;

calledthecommercialtargethereinafter)andthe

otherthreeareastainlesssteelbarof100-mm

squareinwhichthreeholesofdifferentsizesare

made (hole sizes are 5,10 and 15 mm in

diameterandcalledthesmallholetarget,medium

holetargetandlargeholetarget,respectively).

Based on various experimentresults after

installation, the large hole target has been

employed for the current absolute observation

afterJanuary1998.Anoutlineoftheexperiment

resultsthatdetermined the employmentofthe

large hole targetisasfollows(cited from the

ObservationSection'sarchivematerial“On-prem-
ises Azimuth Targets -from installation to

employment”).

1.Visibilityofthetargets

煙The visibility ofthe smallhole targetis

affectedbyweatherconditionsandthetarget

cannot be seen when there is a severe

shimmer.
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煙The visibility of the other 3 targets

(commercial,medium holeandlargehole)is

differentfordifferentobservers.Ifforcedto

rank them in termsofvisibility,the large

hole target comes first,followed by the

commercial target, and the medium hole

targetispoorlyvisible.

2.Accuracy ofaligning the telescope crosshairs

withatarget(varianceofreadings)

煙In observation with DI-72 Type theodolite,

thereisnodifferenceamongthe3targets

(commercial,medium hole and large hole).

The variance ofthe large hole targetis

slightlysmaller.

煙In observation with FT Type magnetic

theodolite as well,there is no difference

among the 3 targets (commercial,medium

holeandlargehole)andthevarianceofthe

largeholetargetisslightlysmaller.

3.Difference ofobserved azimuth targetvalue

amongobservers(personalerror)

煙Foralltargets,thepersonalerrorissmaller

when FT Typemagnetictheodoliteisused

thanwhenDI-72Typetheodoliteisused.

煙With DI-72 Type theodolite,the personal

errorislargewhenthelargeholetargetis

used.However,thisisbecausethevalueofa

particularobserverisvery differentand,if

thisisremoved,thepersonalerrorissmall

whenthelargeholetargetisusedandlarge

whenthemedium holetargetisused.With

FT Typemagnetictheodolite,thereisvery

littlepersonalerror.

Although notfound atthis pointoftime,

there wasconcern aboutthe commercialtarget

thaterrorsmightbecausedbythewarporother

deformation ofthe target plate due to solar

radiation or other form ofheat,and itwas

dropped from the candidate targets in the

employingprocess.

Now,letusconsiderusing the commercial

targetin combination anew.Ifthe numberof

azimuthmarkreadingsisincreasedasproposedin

theprevioussection,thesametargetwillbeseen

somanytimesthatapreconceptionmayform in

theobserver(ifthesameobservedvalueisnot

obtained, we are apt to interpret it as a

misalignment or misreading). If so, there is

concern thatincreasingthenumberofobserva-

tionsbecomesmeaningless.

The angle ofview ofthe commercialand

largeholetargetswascalculatedfrom thedata

obtainedattrueazimuthobservationafter1997,

asshowninFig.7.◆ indicatesavalueobserved

from the east platform of the comparative

calibrationroom byDI-72Typetheodoliteand○
indicatesavalueobservedfrom thewestplatform

of the same room by FT Type magnetic

theodolite. Calculating from the distance (193

meters)betweenthecomparativecalibrationroom

andtheazimuthmarkandthedistance(296mm)

betweenthetwotargets,theangleofviewis5.27

minutesofarcandthisalmostagreeswiththe

meanofmeasurements.

The fluctuations of the angle of view

generally lie within 0.1’±3”. The expected

accuracyoftheazimuthmarkreadingisabout1.5

secondsofarc(describedin§3),soitisinferred

thattheaccuracyoftheobservedangleofview

(difference between two observed azimuth mark

values)isabout3secondsofarchintheworst

case.Thedatashown in Fig.7wasmadeby

severalobserversandcontainspersonalerrordue

tothetendenciesofparticularobservers.Forboth

theangleofview from theeastplatform andthe

AccuracyofGeomagneticAbsoluteObservationcausedbyAzimuthMarkReading ７
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angle of view from the west platform, no

significantsecularchangeisseen.

Basedontheseinferences,theangleofview

hasundergonenochangeforabout5years.That

is,itcanbejudgedthat,forthelargeholetarget

and commercialtarget installed on the same

concrete base,theirpositionalrelationship (296

mm asofthemeasurementinAugust2001)has

notchanged.

Anotherproblem withthecommercialtarget

plateisawarpduetointensesolarradiationin

the daytime in the heightofsummer,and a

questionariseswhetherornotsuchawarpcan

bring the resultthatthe targethasapparently

moved.Thus,asimpleexperimentalobservation

wasperformedinthisstudyandispresentedin

Fig.8.

Ordinatedenotestheobservedazimuthvalues

in seconds obtained using the commercialand

large hole targets.Each observed value was

obtainedbyoneobserverfrom thesamenumber

oftimesofpeeringthroughthetelescopeasthe

usualabsoluteobservation(becausetheobserver

peersatthecommercialtargetinadditiontothe

largeholetarget,thenumberoftimesofpeering

istwicetheusualobservation).Onthehorizontal

axis,thedateandtime(UTC)ofobservationand

theweatherattheobservationareshown.

The experimentalobservation valuesofthe

commercialandlargeholetargetsvarywithinan

amplitudeof2secondsofarcin general.The

amplitude of this variation is equal to the

confidenceintervaloftheobservedvalues(0.02’
asmentionedabove).Oftheobservedvaluesof

thecommercialtarget,payattentiontotheright

two(observationsat04onthe24thand29th).

They are notparticularly peculiarcompared to

othermeasuredvalues.Thatis,forthequestion

ofwhetherornotthereadingsofthecommercial

targetarebiasedtoaparticulardirectioninthe

daytimeofafineday,theanswer“thereisno
bias”wasobtained asthe originalgoalofthis
experimentalobservation.

There is no significantdifference between

targetsinboththelong-term fluctuationsdeter-

minedfrom thedatainFig.7andthefluctuations

inonedayinFig.8.Thismeansthattheanxiety

aboutthecommercialtarget,whichcausedconcern

whendecidingthetargettoemployin1998,is

eliminated. It was proposed to increase the

numberofmeasuredazimuthmarkvaluesatthe

usualabsoluteobservation.Furthermore,wepro-

poseusingthecommercialtargetinadditionto

thecurrentlyusedlargeholetarget.Incidentally,

the offsetangle ofthe commercialtargetfrom

truenorthisdeterminedtobe0°46’49”W (east

platform)and0°38’14”E(westplatform)from the
employedoffsetangleofthecurrentlyusedlarge

hole target (east platform ofthe comparative

calibrationroom:0°52’05”W andwestplatform of

the same room:0°32’58”E)and the measured
angleofview ofthelargeholeandcommercial

targets(0°5’16”E).
Bythisexperiment,thefollowingwasalso

found.One isthe factthatifthe numberof

azimuth mark observations is increased, the

accuracyoftheobservationmeanisimprovedand,

asaresult,apparentfluctuationsarereducedas

inferredin§3.InthedataofFig.8,thesmall

variations ofthe mean (maximum range:0.9

seconds, standard deviation: 0.3 seconds) are

thoughttodemonstratethisfact.

Another fact concerns the azimuth mark

observationtime.Thetimerequiredtodoublethe

number ofreadings was estimated to be 20

minutesplus20minutes,oratotalof40minutes

(20 minutes per person).However,when one

personmadetwiceasmanyreadingsusingtwo
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targets,the time taken was 16 minutes on

average.Becausethisisanexperimentalobserva-

tion, one person performed both observation

(reading)andrecording.Thisresultwasobtained

undersuchadverseconditions.Ifanotherperson

isprovidedasarecorderasintheusualabsolute

observation,the work willfinish in 11 to 12

minutesorso.Thisisveryshortcomparedtothe

estimated20minutes.Thatis,evenifthenumber

ofazimuthobservationsisdoubled,theincreasein

requiredtimeissmalliftwotargetsareusedin

combination.Asamatterofpractice,thisincrease

in timewillnotcauseproblemsin thesteady

observation.

5.Closingremarks

We have always thought that the poor

accuracyoftheabsolutedeclinationobservationis

attributabletothepooraccuracyofazimuthmark

observationandthatthenumberofazimuthmark

observationsmustbe increased to improve the

accuracy.This greatly affects the instrumental

error in commissioned certification treated as

magnetic theodolite class 1 and the internal

inspection.This also poses a grave problem,

especiallyatbranchobservatories,whendetermin-

ingtheinstrumentalerrorofamagnetictheodolite

againstthereferencemagnetictheodoliteandwhen

monitoringtheinstrumentalerrorfluctuations.

Thistime,Owada,oneoftheauthors,proposed

increasingthenumberofazimuthmarkreadings

attheobservationforinstrumentalerrorcertifica-

tion.Thus,therelationshipbetweentheabsolute

declination observation and azimuth observation

accuracywascompiledandreportedasintended

for a long period of time. For the steady

geomagnetic absolute observation performed by

the Observation Division and branchesand the

observation for instrumentalerror measurement

including commissioned certification and internal

inspection, it was decided to propose that

increasingthenumberofazimuthmarkreadings

isveryeffectiveasameansofimprovingthe

accuracyofabsolutedeclinationobservation.
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